###### Strengths and limitations of this study

-   The study population was large, despite the high proportions of missing Alcohol Use Disorder Identification Test (AUDIT) data at 12 months.

-   No differences between AUDIT 12-month responders and non-responders on baseline measures of age, alcohol consumption, quality of life or level of depression were found, which strengthens the results.

-   Since primary alcohol use disorder was an exclusion criterion, findings cannot be generalised to depressed alcohol use disorder populations.

-   As this was a secondary analysis of a randomised controlled trial, the study was not sufficiently powered to perform subgroups analyses, which somewhat limits the conclusions draw from the results.

Introduction {#s1}
============

Hazardous drinking is a pattern of alcohol consumption associated with a risk of health problems and the development of alcohol use disorders. In a US study involving 20 000 individuals, Dawson and colleagues ide[@R1] ntified several health conditions that may be negatively affected by hazardous alcohol consumption, including liver diseases, nicotine dependence, illicit drug use and psychosocial problems. Despite this, the assessment of alcohol habits in routine healthcare is often neglected.[@R2] As mental health and substance use problems frequently co-exist, assessing alcohol habits in persons affected with mental health problems is important.

Hazardous drinking is usually defined by the number of drinks consumed during a typical week or on a single occasion (binge drinking).[@R4] A commonly used measure in both healthcare and clinical research is the Alcohol Use Disorder Identification Test (AUDIT), which has shown to have good psychometric properties in several studies.[@R5] AUDIT has also been used in general population studies.[@R8]

The lifetime prevalence of depression in women is estimated to be around 20%, which is double that of men.[@R9] Hazardous drinking and alcohol use disorder, on the contrary, are more common in men.[@R4] Compared with the general population, those affected by depression more frequently report patterns of hazardous alcohol consumption---this applies for both sexes---although men more often report these drinking patterns.[@R11] The causal association between alcohol use and depression is not clear; however, most studies support the idea that heavy drinking increase the risk for future depression rather than vice versa.[@R12] Studies have also shown that hazardous drinking can negatively impact the treatment of depression and anxiety symptoms. Gajecki and colleagues[@R13] found that among patients receiving internet-based cognitive behaviour therapy (ICBT) (n=1601) hazardous drinking negatively affected the treatment outcomes in panic disorder. Similarly, in a study of psychiatric outpatients, Bahorik and colleagues[@R14] found over a 6-month period that regular hazardous drinking led to slower reductions in depressive and anxiety symptoms. Since hazardous drinking could have a negative impact on several health outcomes, it is important to determine if and how hazardous drinking patterns change following depression treatment.

Participants in the current study were part of a large randomised controlled multicenter study aiming to compare three different treatments for depression; ICBT, physical exercise (PE) and treatment as usual (TAU). The objectives were to increase access to evidence-based and effective treatments for patients with mental health problems in primary care. Previous analyses showed that, compared with TAU, both ICBT and PE were associated with significantly larger improvements.[@R15]

In a secondary analysis of these data, we found that hazardous drinking at baseline negatively influenced the treatment outcome of stress, that is, improvements in stress were smaller among hazardous drinkers compared with non-hazardous.[@R18]

Although common mental health problems and hazardous drinking frequently co-exist, it remains unclear whether hazardous drinking patterns change following treatment for depression. The aim of this study was to examine if depression treatment was associated with changes in alcohol consumption. A secondary aim was to determine if the changes in consumption differed between treatment arms (ICBT, PE and TAU) and between patient sex.

Methods {#s2}
=======

Study design {#s2-1}
------------

A more detailed description of the full randomised controlled trial (RCT) study design is presented in earlier work.[@R16] Briefly, the study was conducted on patients with mild-to-moderate depression recruited through primary care units in six different regions in Sweden during 2011--2014. Exclusion criteria were severe somatic illness, a primary alcohol or drug use disorder or severe psychiatric problems requiring psychiatric care. Patients judged by clinicians to fulfil the inclusion criteria were screened with the Patient Health Questionnaire-9 (PHQ-9) assessing symptoms of depression and those who obtained ≥9 points were invited to participate. PHQ-9 is a commonly used and easily administered measure for assessing depression.[@R19] At baseline, a battery of questionnaires were completed and the patients were randomly allocated by an independent external organisation to one of three treatment arms, ICBT, PE or TAU. Treatment lasted for 12 weeks and follow-ups were made at 3 months (post-treatment) and 12 months (end-point). Alcohol consumption was assessed at baseline and at 12 months only. To reach as many participants as possible, several of the 12-month follow-ups were conducted in a shorter format by phone, which did not include AUDIT. The present study is a secondary analysis of this RCT.

Patient and public involvement {#s2-2}
------------------------------

Patients were not involved in the study design or in the conduct of the study. Representatives from the primary healthcare sector were involved in both the design and the implementation of the study results. Laymen reports from the RCT study are publicly available in Swedish.

Participants {#s2-3}
------------

In total, 945 participants were included in the RCT. The majority was women (73 %) and the mean age was 43 (*SD* 12) years. At baseline, 937 participants completed the Montgomery Åsberg Depression Rating Scale (MADRS), assessing depression severity,[@R20] and the AUDIT assessing alcohol use. At 12-month follow-up, 797 of the participants completed the MADRS, and 540 of them also answered the AUDIT. The high proportion of missing 12-month follow-up AUDIT data was mostly due to the short telephone assessment where the AUDIT was not included. No differences at baseline were found between AUDIT 12-month responders, n=540, and non-responders, n=405, on age, alcohol consumption, severity of depression and health-related quality of life.

When comparing AUDIT 12-month responders with non-responders, differences were found on depression severity at 12-month follow-up (n=797). The AUDIT non-responders (n=264) scored higher on MADRS 12 months compared with responders (n=533), *t* (797)*=*−2.4, p*=*0.02. However, none of the groups scored in the mild to moderate depressed range (average scores) based on the chosen cut-off scores, *M* and (*SD*), 10.1 (7.7), respectively, 11.6 (8.7). The Consolidated Standards of Reporting Trials (CONSORT) diagram ([figure 1](#F1){ref-type="fig"}) shows the flow through the study.

![The Consolidated Standards of Reporting Trials (CONSORT) diagram shows the participants' flow through the study. AUDIT, Alcohol Use Disorder Identification Test; EQ5D, EuroQol-5D-3L; ICBT, internet-based cognitive behaviour therapy; ITT, intention to treat; MADRS, Montgomery Åsberg Depression Rating Scale; PHQ-9, Patient Health Questionnaire; TAU, treatment as usual.](bmjopen-2018-028236f01){#F1}

Since no problematic differences between AUDIT 12-month responders and non-responders were found, the results in this study are based on the participants who responded to the AUDIT at 12 months, n=540 (539 responded to the AUDIT both at baseline and 12 months).

Measures {#s2-4}
--------

The pattern of alcohol use was measured by AUDIT, which consists of 10 items scoring both consumption and alcohol-related problems occurring during the last year. The first three items AUDIT-C, measure alcohol consumption, both the amount of glass in a week and at one occasion. Items 4--10 measure problems related to alcohol consumption. Results are based on both the total scale, the short consumption scale and the problem drinking scale. The recommended cut-off scores used to identify hazardous drinkers were \>8 for men and 6 for women.[@R7] The instrument has shown acceptable validity and reliability in primary care and is frequently used both in clinical settings and in research.[@R4]

Depression was assessed with the MADRS; a well-known clinician-rated questionnaire that has shown good reliability and validity.[@R20] It consists of 10 items rating sadness, anxiety, sleep, appetite, concentration, initiative, ability to engage, and negative and suicidal thoughts. Each item is scored 0--6 (total scores range from 0 to 60) and higher scores indicate more severe depression. Several studies have been conducted to define the optimal cut-off scores on the MADRS severity and these vary slightly depending on the population surveyed.[@R22] In this study, we have used Snaith's (1986) recommended cut-off scores for moderate depression (20) and for severe (35), but a higher cut-off for mild depression (12), which is often used by clinicians.[@R25]

Health-related quality of life was assessed using the EuroQol-5D-3L (EQ-5D), a patient-reported outcome measure developed by EuroQol European Organisation.[@R26] The EQ-5D consists of five items with three response alternatives, capturing five health domains; mobility, personal care, daily activities, pain and anxiety/depression. The scores used are based on an algorithm for societal preferences and total scores range from −0.59 to 1.0.[@R27] The mean score in the general population is approximately 0.8.[@R28]

Education level data was merged into two subgroups: (a) primary and secondary school and (b) 2 years post-secondary or tertiary education. Employment data was merged into four subgroups: (a) employed/studying, (b) disability pension/old age pension, (c) unemployed and (d) sick leave. Civil state data was merged into (a) living together and (b) living alone.

Treatments {#s2-5}
----------

The ICBT programme was delivered by the Internet Psychiatry Unit in Stockholm, Sweden. It was based on an individually tailored programme for depression originally developed by Johansson and colleagues,[@R29] and then modified to fit the outcomes in the REGASSA study. The treatment was 12 weeks long and included 33 modules based on psychological interventions for problems such as worry, insomnia or pain, but no module focused the reduction of alcohol consumption. The received modules were chosen to address the specific problems presented by the patient in measures conducted before treatment start. The first three modules and the last one were however mandatory and consisted of psychoeducation of depression, behavioural activation and relapse prevention, all standard CBT interventions for depression. The treatment included therapist support consisting of written messages. Symptoms of depression were continuously monitored, and patients with suicidal behaviour were contacted by a clinician for additional help.

The average number of accessed modules was 7.8 (*SD* 5.1) compared with an expected number of 12--13 modules for full adherence to the programme.

PE was conducted at independently run fitness centres (Friskis & Svettis) outside the healthcare, with several locations across Sweden. The programme consisted of three 60 min exercise sessions and one meeting with a trainer or physiotherapist per week for 12 weeks. Within the exercise arm, participants were randomly allocated to three different conditions; light exercise (ie, Pilates and yoga), moderate aerobic exercise and vigorous aerobic exercise. Exercise intensity was objectively assessed using heart rate monitors worn during the exercise classes. Before and after treatment, the participants completed a bicycle submaximal fitness test.

Participants attended an average of 14.5 one-hour classes out of 36 possible, which corresponds to approximately 40% of the recommended classes.

TAU was received in primary care and included, on average, one to two visits to the General practitioner (GP), which was similar to the number of GP visits participants in ICBT and PE received during the treatment.[@R30] Approximately 30%--40% of the participants in TAU received some psychosocial treatment compared with 10%--20% in the ICBT and PE groups. Around one-third of the participants used antidepressants during the study period, which was similar in TAU compared with ICBT and PE. On average, they had 6.6 visits (*SD* 7.4). Almost one-fourth of the participants in TAU reported receiving no treatment at all.

Statistical analysis {#s2-6}
--------------------

In the statistical analyses, both parametric and non-parametric tests were applied. To make sure there were no selection biases, baseline differences between the study sample, n=540, and the non-responders, n=405, were compared on age, alcohol consumption, depression severity and health-related quality of life using independent sample t-tests. χ^2^ tests assessed baseline differences between the study sample and the non-responders on education level, gender, treatment group, hazardous drinkers, alcohol-related problems and depression severity. Comparisons on baseline variables between hazardous and non-hazardous drinkers were examined with the same methods.

Paired sample *t*-tests were used to compare differences in alcohol consumption and depression between baseline and 12-month follow-up. Due to multiple comparisons, the Sidak equation for corrected p values was used and the p value was set to \<0.004. The McNemar test was used to analyse the changes in proportions of hazardous drinkers at baseline and at 12 months. Since the correlations between AUDIT and MADRS and between AUDIT and age were low and not significant, we used a mixed analysis of variance (ANOVA) to calculate differences in alcohol consumption between patient sex; two groups (male vs female) × two time (AUDIT baseline and 12 months), and between treatment arms; three groups (CBT, PE and TAU) × two time (AUDIT baseline and 12 months). Time was designed as a within-subject variable. The calculations were performed without covariates in the model and with MADRS and age entered as covariates to make sure that these variables did not affect the associations with alcohol. The relationship between the change in depression and the change in alcohol consumption was measured in a linear regression model.

Results {#s3}
=======

Baseline characteristics {#s3-1}
------------------------

The participants' baseline data are presented in [table 1](#T1){ref-type="table"}. More than 80% were mildly to moderately depressed and 21% had a hazardous drinking pattern. The health-related quality of life, 0.55, was lower than the general population which is estimated to be around 0.8.[@R28]

###### 

Descriptive data and comparisons between hazardous and non-hazardous drinkers at baseline n=539

  -----------------------------------------------------------------------------------
  Variable                   Total group\   Hazardous\    Non-hazardous\   P values
                             (n=539)        (n=115)       (n=224)          
  -------------------------- -------------- ------------- ---------------- ----------
  Age, M (±SD)               43.7 (12.2)    41.9 (13.4)   44.4 (11.8)      0.006\*

  Sex, %                                                                   0.008\*

   Male                      28             37            25               

  Education, %                                                             0.761

   Low                       41             40            41               

   High                      59             60            59               

  Employment, %                                                            0.157

   Employed/studying         80             77            81               

   Pension/old age pension   4              2             5                

   Unemployed                12             17            10               

   Sick leave                4              4             4                

  Civil state, %                                                           0.003\*

   Living alone              37             50            34               

  MADRS, M (±SD)             21.3 (6.9)     21.5 (6.6)    21.2 (7.0)       0.714

  Depression level, %                                                      0.450

   No depression             10             9             10               

   Mild depression           32             29            33               

   Moderate depression       56             62            54               

   Severe depression         2              4             3                

  EQ-5D, M (±SD)             0.55 (0.26)    0.54 (0.26)   0.55 (0.26)      0.678

  Treatment allocation, %                                                  0.979

   ICBT                      35             35            35               

   PE                        34             35            34               

   TAU                       31             30            31               
  -----------------------------------------------------------------------------------

\*Significant at *p* level \< 0.01

EQ-5D, EuroQuality of Life 5 Dimensions; ICBT, internet-based cognitive behaviour therapy; MADRS, Montgomery Åsberg Depression Rating Scale; PE, physical exercise; TAU, treatment as usual.

When comparing hazardous (n*=*115) with non-hazardous (n=424) drinkers at baseline, there were no differences in severity of depression or health-related quality of life. Compared with non-hazardous drinkers, a significantly higher proportion of hazardous drinkers were male χ²=6.94, p=0.008, and more hazardous drinkers were living alone χ²=8.8, p=0.003. Hazardous drinkers were also significantly younger *t*=2.77 (537), p=0.006 ([table 1](#T1){ref-type="table"}).

Differences between baseline and 12-month follow-up {#s3-2}
---------------------------------------------------

There were no within-group differences between baseline and 12 months in AUDIT total scores, the AUDIT problem scale or in AUDIT-C consumption scores. This was true for the total sample and for males and females separately ([table 2](#T2){ref-type="table"}).

###### 

Differences, *M* (±*SD*), in AUDIT total score, AUDIT problem scale, AUDIT-C and MADRS total score between baseline and 12-month follow-up

  Variables                          Baseline     12           Diff         P value
  ---------------------------------- ------------ ------------ ------------ -----------
  AUDIT total (n=539)                4.3 (3.8)    4.1 (3.7)    0.2 (2.7)    0.085
   Male (n=149)                      5.8 (4.3)    5.4 (4.2)    0.4 (2.7)    0.092
   Female (n=390)                    3.7 (3.4)    3.5 (3.3)    0.1 (2.7)    0.324
  AUDIT problem scale (n=536)        1.3 (2.5)    1.1 (2.3)    0.2 (2.0)    0.014
   Male (n=149)                      2.1 (3.0)    1.7 (2.6)    0.4 (0.4)    0.049
   Female (n=387)                    1.0 (2.2)    0.9 (2.1)    0.1 (1.9)    0.104
  AUDIT-C (n=536)                    2.9 (1.9)    2.9 (1.9)    0.0 (1.5)    0.906
   Male (n=149)                      3.7 (2.1)    3.7 (2.1)    0.0 (1.4)    0.865
   Female (n=387)                    2.6 (1.7)    2.7 (1.8)    0.1 (1.5)    0.810
  MADRS (n=524)                      21.3 (6.9)   10.0 (7.7)   11.2 (9.1)   \<0.001\*
   Male (n=144)                      21.5 (6.5)   10.6 (8.4)   10.9 (9.2)   \<0.001\*
   Female (n=380)                    21.2 (7.1)   9.8 (7.5)    11.3 (9.0)   \<0.001\*
   Hazardous drinkers (n=112)        21.4 (6.6)   9.5 (7.2)    11.9 (8.5)   \<0.001\*
   Non-hazardous drinkers, (n=411)   21.2 (7.0)   10.2 (7.9)   11.1 (9.2)   \<0.001\*
  Hazardous drinkers, %              21           23           2            \<0.001\*
   Male                              29           37           8            \<0.001\*
   Female                            19           17           2            \<0.001

\*Significant at p\<0.004.

AUDIT, Alcohol Use Disorder Identification Test; AUDIT-C, Alcohol Use Disorder Identification Test---Consumption; MADRS, Montgomery Åsberg Depression Rating Scale.

Depression reduced significantly with an average score change of *M* (*SD*), 11.2 (9.1), p\<0.001, Cohen's *d*=1.54. Hazardous drinking did not differ by sex; all groups significantly reduced their depression scores ([table 2](#T2){ref-type="table"}).

The χ^2^ test showed significant differences in proportions of hazardous and non-hazardous drinkers at baseline and 12 months for the total group χ²=178.02, p\<0.001, males χ²=54.08, p\<0.001 and females χ²=113.31, p\<0.001 ([table 2](#T2){ref-type="table"}). The differences were further examined with the McNemar test, which showed no significant change from non-hazardous to hazardous drinking (or vice versa) between baseline and 12 months. The number of people who changed from hazardous to non-hazardous was about equal to the proportion who changed in the opposite direction ([table 3](#T3){ref-type="table"}).

###### 

Changes in number of hazardous and non-hazardous drinkers from baseline to 12-month follow-up for total group n*=*540, male n*=*149 and female n*=*391

  Baseline         Non-hazardous 12 months   Hazardous 12 months   P value
  ---------------- ------------------------- --------------------- ---------
  All                                                              
   Non-hazardous   381                       43                    0.428
   Hazardous       35                        80                    
  Male                                                             
   Non-hazardous   87                        19                    0.031
   Hazardous       7                         36                    
  Female                                                           
   Non-hazardous   294                       24                    0.677
   Hazardous       28                        44                    

The ANOVA test on AUDIT total scores showed, from baseline to 12 months, no significant group differences between treatment arms *F*=2.92 (1, 536), p=0.088 or between patient sex *F*=3.78 (1, 537), p=0.053 and no significant interaction effects between treatment arms and time *F*=0.63 (2, 537), p=0.531 or patient sex and time *F*=0.80 (1, 537), p*=*0.37. The results remained non-significant when controlling for age and depression. However, the ANOVA test showed differences on AUDIT scores between hazardous and non-hazardous drinkers, in that hazardous drinkers significantly decreased their AUDIT total scores over time *F*=35.8 (1, 537), p\<0.001. The interaction effects between time and consumption group were significant *F*=61.5 (1, 537), p\<0.001, indicating that hazardous drinkers decreased their scores, while non-hazardous drinkers slightly increased their scores. Although hazardous drinkers decreased their AUDIT scores from *M*=10.1 (*SD 3.6*) to *M* *=*8.3 (*SD* 4.6), they remained hazardous drinkers according to the cut-off scores. The results are shown in [figure 2](#F2){ref-type="fig"}.

![The graph shows the AUDIT scores from baseline to 12 months for hazardous (green) and non-hazardous (blue) drinkers. AUDIT, Alcohol Use Disorder Identification Test.](bmjopen-2018-028236f02){#F2}

The change in AUDIT was not significantly related to the change in MADRS, and this was true for the total group, for hazardous and non-hazardous drinkers and for the treatment arms separately. The change in AUDIT explained 0.3%--1.9% of the total variance of the change in MADRS.

Discussion {#s4}
==========

This is one of the first studies to examine the effects of depression treatment on alcohol consumption. In the total sample, depression severity reduced significantly between baseline and 12-month follow-up, and the within-group treatment effects were large, both among hazardous and non-hazardous drinkers. However, the main study finding was that the alcohol consumption did not change over time despite clinically meaningful treatment effects on depression. A pattern was observed in which hazardous drinkers' AUDIT scores decreased, while non-hazardous drinkers' scores slightly increased. However, these results could reflect regression to the mean rather than meaningful changes after treatment. The proportion of hazardous drinkers remained the same at 12 months follow-up.

These results have implications for clinical practice. As noted, depression and hazardous drinking frequently co-exist, which means that clinicians are often faced with complex health problems that require treatment.[@R31] In this context, it is useful to know whether depression treatment also influences alcohol use, especially among high-risk consumers. Our findings add the observation that even if treatments are effective for depression, hazardous drinking may remain unchanged, along with the risk of developing an alcohol use disorder. Research on treatments with a focus on both alcohol use and depression has confirmed the need to provide interventions, which address hazardous drinking for patients with co-occurring problems.[@R34] However, a recently published review showed that the evidence for combined treatment is limited.[@R36] Future studies are needed comparing the effects of alcohol treatment versus combined alcohol and depression treatment, among patients with co-occurring depression and hazardous drinking. Although women are more often affected by depression, hazardous drinking and alcohol-related problems are more common in men, thus male patients should get extra attention about their alcohol use.

If treatment for depression does not have any impact on hazardous drinking, and those with depression exhibit a higher prevalence of problematic drinking compared with the general population,[@R11] then it is important to screen alcohol consumption habits in those presenting with depression. Indeed, screening for alcohol and providing brief interventions have demonstrated effectiveness in reducing alcohol use.[@R2] However, asking patients about their alcohol use and offer interventions for hazardous drinking is seldom performed in primary care,[@R2] and time constraints are common reasons. Finding ways to implement screening routines for alcohol use is of importance.

The results showed that there were treatment effects on depression for both hazardous and non-hazardous drinkers. Earlier results, on the contrary, have shown that participants with hazardous drinking at baseline were more stressed during and after treatment, and it seems that they had less treatment effect on stress compared with non-hazardous drinkers.[@R18]

This study showed that the hazardous drinkers did not change their drinking patterns after treatment, which adds strength to earlier results on hazardous drinking and stress. Hazardous drinkers became less depressed after treatment; however, their perceived stress level decreased less compared with non-hazardous drinkers. This might be attributed to the fact that their drinking behaviour remained largely unchanged.

In sum, patients with mental health problems should, as part of routine care, be asked about their alcohol use. Furthermore, those who report hazardous drinking should receive short interventions to help reduce their drinking, since hazardous alcohol use can negatively influence treatment effects on anxiety, symptom of anxiety and depression and stress.[@R13] Treatments focusing on mental health problems alone appear to have little effect on hazardous drinking. Combined interventions for reducing alcohol consumption could potentially be administered as part of the assessment.

Strengths and limitations {#s4-1}
-------------------------

More than 40% of the 12-month follow-ups were conducted by phone, and a shorter assessment was used, which did not include the AUDIT. This would explain the large proportion of missing AUDIT data at 12 months. Even if the missing AUDIT data was high, the study population was large and the AUDIT data robust. At baseline compared with the responders, those with no 12-month AUDIT data did not differ on depression level, quality of life or sociodemographic data, which adds strengths to the results. Some limitations are acknowledged. This was a secondary analysis of an RCT and not a prospectively designed RCT. Thus, the analyses may not have been sufficiently powered to detect small but clinically relevant effects or to perform subgroups analyses, which somewhat limits the conclusions draw. Alcohol use disorder as primary diagnosis was an exclusion criteria for the study; therefore, findings should not be generalised to depressed alcohol use disorder populations. In the PE group, the adherence was low (40%); higher rates may have reduced consumption further.

Conclusion {#s5}
==========

The positive treatment effects on depression did not lead to changes in alcohol consumption. The treatments were targeted towards depression and, to the best of our knowledge, no interventions for hazardous drinking were delivered. This suggests that treatments for depression alone are not enough to change hazardous alcohol consumption, which is shown to be higher than average in depressed populations.[@R11] To screen for and offer evidence-based interventions for hazardous consumption in patients with mental health problems are important. Research on how to effectively implement interventions addressing hazardous drinking in depressed patients is needed. Further research investigating the effects of interventions for hazardous use without alcohol use disorder in patients with depressive disorders is also needed.
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